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CONDUCTING POLYMER TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 
b: Substrate: PET, FEP^ 6las» 
c: Conducting Polymer: PPy, PANI 
d: Alignment Layer: Rubbed PPy or PANI 

Riibbed Pblylmide, 
Non-rubbed Alignment Layer 

CONVENTIONAL TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 

b: Substrate: Glass 

c: Conducting Coating: ITO 

d: Alignment Layer: Rubbed Polymlde 

SUBSTITUTE SHEET (RULE 26) 
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FIG.3 




FIG.4 

SUBSTITUTE SHEET (RULE 26) 
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POLYMER DISPERSED LIQUID CRYStAL PlSPLAY: 
ON CONDUCTING POLYMER SUBSTRATES 





a: Substrate: . PET, FEP» OR Glass 
b: Conducting Polymer 



FIG. 5 
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-FIG.2A 




FIG.2B 
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'' the display is - in a curVed 'cbnf iguratio^^^ 

Thus r there is^ a need for ^ a .plia^lef^co^^ mart:eria3t\ to^ ,^ 

arek'LC display -diftVi'cAs.-^^- ^- ' /•••;:/••'-.>•,•,■;;."....' " 

An el^ctritally ^^ondiicting pbiSflper./^^^ ai dftsirabla ... 
klte^ative to ITO as the pondttcting' iaa,terial, because '^^^ 
bft processed at ambient temperature Jmd it is. -a. flexible ^ .> 
. organic material similar to thB. plastic substeate. A . general . ; 

r^ference-Wrthe. subject! of conductij^^ is..th<» 'v 

> ; mbhograph Qroanie c onductors. J^P. Paxges, Ed. ,- Maxicel -Dekker, 

NYV-M*» .1994. The concept of using a - conducting polyn«r . aS : 5.;^ 

replacement for ITO in a LC display is described in U..S. 

Pateivr-AppliTcation serial Ho. 08/401,91,2, filed oh March 9, 

1995-. . 

. y mie conducting' polymer pblypyfrole (PPy). is an excellent , 
' Choice as a replacement conducting maiterial for ITOr because 
-. !PPy can be prepared by a convenient , in-fifitu polymerization - 
method, and PPy films can be produced with surf ace resistance, • 
electrical conductivity, and optical transparency 
20 characteristics that are appropriate f or LC displays and other 
' applications. The in situ method can be used to deposit thin,, 
transparent films of electrically conducting polymers such as . 
polyaniline and polypyrrole from aqueous solutions of the 
V parent monomers, aniline and pyrrole, as they are undergoing 
25 • polymerization. This method eliminates the necessity of first 
synthesizing the polymer and then dissolving it in a solvent 



l'e:i7U596/I»06S 



TITLE OF THE INVEWTTQN 

PATTERED CONDUCTING POLYMER SXJRFACES 
AND. PROCESS FOR PREPARING THE SAME V 
AND DEVICES CONTAINING THE SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention s > 

. The present invention relates to a simple, convenient 
process for preparing high-resoiution patterns of a conducting 
polyner on a substrate. The present invention also relates to 

- the. patterned conducting polyner surfaces so prepared and to 
d^icesr such as liquid crystal displays, which contain such a 
patterned conducting polymer surface. The patterned 

: conducting polymer, e.g. polypyrrole/ may serve as a 

conducting material to provide a means of addressing selected 
pixels of a lightweight, flexible liquid crystal display. 

Discussion of the Background i 

In current liquid crystal (LC) display fabrication 
technology, the most widely used conductive material is indium 
tin oxide (ITO) . However, the use of ITO has several- 
disadvantages in manufacturing. One drawback is the 
relatively high temperature (about 250*C) at which ITO is 
deposited onto glass or other solid substrates, which can 
damage other components of the display such as polymeric color 
filters. Another problem is that when ITO is deposited on 
plastic substrates for purposes such as fabrication of 
flexible LC displays, the ITO becomes brittle and fails when 



for filin deposition and is : the simplest: and least' tine- 
'Consuming approach for preparation . of conducting polymer 
films. The use of aqueous solutions for the in^situ 
polymerization method also alleviates environmentally-related 
organic solvent :(j|isposal problems; Both of these factors are. 
Important for technological . scale-up and commercialization of 
processes using conducting polymers* 

PPy films deposited by. the in-situ method can be prepared 
with conductivities > aoo. S/cm- using the anthraqujLnone-2- 
sulfonate trounterion in the- presence of S-sulf osalicylic acid 
(see for example: R.V. Gregory, W.C. Kimbrell, and H.H. Kuhrt. 
Synthetic Metals^ vol. 28, p. c-823 (1989)). This translates 
to a surface resistance of between 600-3000 n/square, nearly 
two orders of magnitude lower than that for typical 
polyaniline: films deposited by the in situ method.. These PPy 
films can also be obtained with optical transparencies in the 
range of > 65.%-;70% transparent • Jn-situ-deposited. PPy films 
therefore have properties that make them very useful as 
conductive elements for the fabrication of a variety of liquid 
crystal display devices. .. 

To fabricate an addresisable LC display, one of the 
conduisting elements must be patterned to a particular geometry 
and linewidths that constitute the designated output of the 
display. Depending on the nature of the LC display, the 
geometry may be in an alphanumeric pattern, a grid pattern, an 
array of dots, or some other pattern. The minimum dimension 
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o£ the patterned features typically ranges from relatively 
large (> 100 Mia) to vexy fine (*-io m») • A process for . 
patterning'' conducting polymers must be able to meet the 
resolution regiiit'eiBents of the display* Additioiially,; the\ 
process for patterning the conductive^ polymer must no^ 
adversely* affect the electrical surface resistsince or the > 
optical transparency of the conducting polymer in the active ' 
regions, or the properties.of the underlying substrate. 

Fihally/.tliei' pattern process must be simple, reproducible, 

A- 

cost-ef f ectiyd, and compatible with existing manufacturing 
equipment used in the 'LC display industry. ; . . / 

A number of methods have been reported for producing 
patterns of PPy oh various substrates* In one method, long- 
chain allcyl selfr-assembled monolayer (SAM) films are stamped - 
onto a gold substt-at^* The isAR-modified electrode is immersed 
.in a solution of pyrrole, and the SAN film blocks electron 
transfer so that ppy is. deposited only in the bare regions of 
the substratie. For a detailed description of this * approach, 
see: C.B. Gorman, H. A. Biebuyck, and G.M. Whitesides,. 
Chemistry ot Materials, vol. 7, pp. 526-529 (1995).^ In 
relate^ approaches, the patterned deposition of PPy. can be 
initiated at semiconducting substrates by patternvise exposure 
of the substrate through a solution containing pyrrole 
monomer. The polymerization and deposition of PPy is then 
initiated photoelectrochemically at the substrate in the 
irradiated regions of the substrate. For a description of 
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these approaches, see: M. Hikita, O. Niva, A* Sugita, and 
T. Yamamiira , Japan Journal of Applied Physics vol. 24, pp. L79 
(1985) ; and Okano, l7 Itofir Al" flijOT and IT. Honda, . 
Journal of the flectrocheioical Society, vol. 134, p. 837 
(1987). These methods are. limited to metallic substrates such 
as gold or semiconducting substrates such as silicon, and are 
not appropriate for use on. flexible, insulating polymeric 
substrates. 

In a second method, -a f-luoropolymer: substrate is. modified 
by ^ plasma' r-treatment- to: create^ regions of greater- or lesser; - 
adhesion for a Jpy film formed from an in^sita deposition 
method. The plasma is prevented from accessing the substrate \ 
in "cerrainnfegiotts" by thv use^ of -^physical mask such as a 
metal grid. The PPy is deposited initially over the entire 
substrate, but is then removed from the unmodified regions by 
either ultrasonication in solution or by removal witii adhesive 
tape. For a description of these approaches, see: U.S. Patent 
Application Serial No. 08/401,912 (see above) and L.S. van 
Dyke, C.J. Brumlik, w. Liang, J. Lei, C.R. Martin, Z. Yu, L. 
Li, and G.J. Collins, Synthetic Metals, vol. 62, pp. 75-81 
(1994) . These methods are limited to relatively low 
resolution PPy pattern formation, characterized by rough 
edges, and the use of physical masks is not compatible with 
standard manufacturing techniques for prepeuring commercially 
useful addressable liquid crystal displays. 
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■ - In a -third Method, a: PPy film deposited dit a ^ : \ ; 
f lubropolymeric substrate was removed f ron selected fegjLons of-* 
the substrate by laser ablation,.^ For a descriptioii of : this - 
•approach r see: L.S.. Van Dyke/ Q.J. Brujiili]c,/C.R« }li^ti^> 

Vur and G.J.i. Collins t . Synthetic HetaiSr vol. 52/ pjiy 299-r . 
364 (1992) . This approach is not preferred for: practical 
Applications due to the need for expensive, high-power laser . 
exposure tools which, are not desirable for cost-effective / 
iDanufactioring, as Weill: as. the damage caused by laser^- ablation . 
to. th^under lying substrate and the edges of the patterns. 

In a fourth nethbd, pynole vapor is absorbed into a film 
of a chlorine-conltaining polynier such as 
polychl6!roa:crVl<>nitriier^tPe^ 

irradiated in a pattemwise fashion. In the phot61y:&ed 
regions,' free -iradic'als are created from'dissociation of the- 
chlorinated polymer, and the radicals initiate polymerization 
of the absorbed pyrrple monomer: to form a PPy/PCMi composite. 
For details of this method, see: R. Baumann, K. Lexinarz^ and . 
J. Bargon, Synthetic Metals, vol. 54, pp. 243-249^ (1993) . No 
electrical conductivity data for the polymerized pyrrole . 
• composite^ was reported. However, because this material is a 
mixture of PPy and an insulating material, the conductivity of 
the composite is almost certainly much lower than, that of pure 
PPy which is a severe disadvantage for use of the composite as 
a, conductive material for display fabrication. In addition, 
this process is limited to those chlorinated polymers that 



produce, sufficient f ree xadicals to initiate the 
polymerization of pyrrole. .Of the four poiym^rs tested ii only 
PCAM required as littler as: 5 mihutesnof exposure with a high 
intensity (IpOOW) laiap;. . . Also, the reported times f of sorptidii 
pf pyrrole into the chlorinated polymer were -^5*10 hours, 
which is impractical for use of this process' in. routine v 
manufacturing. 

Several methods have been described for patterning 
polyaniline-C^Ani) . JCn:. one. method, a film is .prepared from a.. 
wat&-soluble derivative of :PAni that contains a cross- . 
linkable group on the polymer backbone. The film is exposed, 
to electron-beam or UV irradiation, which crosslinks the 
"polymer-in- the-exposed-regionT— and the-unexposed-areas are 

dissolved in water to produce the final patterns. 
. Conductivities, reported for. the patterned PAni films produced 
by this method range from lO;* to 10"* S/cm, which are much 
lower than the value of 1 s/ cm. that is characteristic of . the * 
best films .of unsubstituted PAni films (and again several 
hundred times worse than typical values for PPy films) . For a 
description of this method, see: M. Angelopoulos, J. M. Shaw, 
N.C. Labianca, and S.A. Rishtpn, Journal of Vacuum Science and 
tecbnol€>gY, vol. Bll, pp. 2794-2797 (1993). This method is 
limited to specially-derivatized PAni polymers, and the 
inherent requirement of derivatizing the PAni backbone with a 
cross-linkable group for pattern formation- leads to severe 
degradation of the electrical properties of the conducting 
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pbiyner, niaking it undesirable for u^e as an active elenent in. 
LC display fabrication 

Thus, all of the . abpve-^descr ibed methods have inherent 
i'tm^tat ions with r^ for practical ; 

'.fabrication of high i^esiblution, patterns of highly conductive 
polymers on polymeric substrates. ! Thus, there remains a need 
for a process for preparing patterned conducting polymer 
surfaces Which does not: suffer from such drawbacks. In . . 
particui^V^^t*«e rcimains a need for a simple, conyenient 
process -for producing f ihe> platterns of conducting . polymers 
which exhik>it good conductance and optical transparency. 

- - ' SUMMARY OF THE INVENTION 

Accordingly; it is one; object of the present invention to 
provide a noyel process for preparing patterned conducting 
polymer surfaces. 

. It is another object of the present invention to provide 
a simple aiid convenient process for preparing patterned 
conducting polymer surfaces. 

It is another object of the present invention to .provide 
a process for preparing patterned conducting polymer surfaces 
which affords patterns of conducting polymer exhibiting good 
conductivity properties. 

It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surfaces 
which affords very fine patterns of the conducting polymer. 



It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surf aces 
which affords patterns of conducting polymer exhibiting good, 
optical transmission properties. 

It .i3" another, object of the \present invention to provide^ 
novel patterned conducting polymer surfaces prepared by. such a 
process. 

It is another object of the present invention to provide 
devices which' contain such a patterned conducting, polymer 

surface. . • ■ . • 

. These and other objects, which will become apparent 
during the following detailed description, have been achieved 
"by the inventors' discovery^t^at-^patterned- conducting polymer 
surfaces exhibiting excellent properties may be prepared by? . 

(a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) forming a surface of a blocking material on said 
surface of said conducting polymer in a pattemwise 
fashion, to obtain a first patterned surface 
containing regions, of exposed conducting polymer and 
regions of blocking material; 

(c) treating said first patterned surface with an agent' 
which: (i) removes said conducting^ polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 



. . r Tp^^ (ill) increases' the coxiduqtiyity bf^ 

' > of exposed 

• (dy^^^ material to obtain a seq6nd^ .. 

*. 'pigitterned siirf cdntairiilig. ih> exposed pattern p£ 
conducting jpoiyiier. . . - . ' 

\ ^ V BRIEF DESCRiPTION OF THB DRAWINGS 

V A: ttbrei'^dkpiete: apjpreciation of the invention and la^ny of 
the a^endant advantages thereof will be readily pbtained as 
the sam^ becbme^ - better unde^ to the' ! ; . 

fdl loving det a lied descr ipt ion vheii;^ considered in ' connection 

"vith"^tlTe acpompAhying^^ . - - V 

Figure 1 is a schematic* diagram of one eiAbodiment of the 
" present, process;- •'•* ' . * - 

Figures 2avand b are optical nibrographs of patterned 
surfacee prepared .by. the present process; . 

Figure 3 is a micrograph /of a patterned surface prepared- 
by the present procesis; 

Figure. 4 is' a micrograph of a patterned surface prepared 
by the pri&sent pirocess; 

. Figuxre 5 is a schematic representation of a polymer 
dispersed liquid crystal- (PDLC) display according to the 
present invention; and 
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Figure 6 is a schematic representation of a conducting 
polymer twisted nematic liquid crystal display according to. 

the present invent iCOTl ' ; — 

' * * .. * ' • . 

. niyPATLED DE SgRIPTlOW OF THE PREFERRED EMBODIMENTS 

Thus, in a first embodiment, the present invention 
provides a process for preparing a patterned surface of a 
conductive polymer by: 
. / (a) -forming a surf ace of a. conducting pplymer. on a ■ . 
: surface of a substrate; 
- (b) -forming a surface of a blocking material on said 

surface of said conducting, polymer in a patternwise 

■" : f abhlon-tiT-^ taln a f irst p a t tf*r n *> ^ ffiir f ar^ 

containing regions of exposed conducting polymer and 
regions of blocking material; 
(c) treating said second patterned surface with an. agent 
which: (i) removes said conducting polymer from saiA 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said, 
conducting polymer in said regions of exposed 
conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surface containing an exposed pattern of 
conducting polymer. 



-In the first step (a) ^ a surf ace of a conducting.' polymer 
-is formed on a surf ace of ;.a substrate In principle, any ^ . 
polymer having an electricai cohduct:ivity^ : 
a>lp"?S/cm, preferabO^y at least o>10'^S/cm, can be used> as tW 

5 conducting polymer. Such conducting polymers are described in 

* . • ' . * -, ' . ■ . . • ■ . . ■ * . ' . • 

. Chapter 11 of Organic Coiiductora . J.p. Parger, Ed.. H^cel . ' 

Dejcker, NY, NY, 1994, which is incorporated herein by 

; reference* Such conducting polymers include, . e.g. , cis . and,/ 

trans polyacetylenes (PA) polydiacetylehes (PDA) ,^ 

.10 pblyparaphenylenes (PPP) , polypyrrbles (PI^) , polythiophenes 

■a(PT), polybithiophenes, pblytisothianaphth^ 

polypheny lenevinylenes (PPV) , polythienylvinylenes (PTV) , 

polypheny lehesulfide (PPS) , and polyani line (PAni) T For 

convenience, the structures of these conducting polymers are 

15 .shown below. 

. trans-pblyacetylene: 




cis-Polyacety lene : 




or 




Polythiophene : 




Polythieny ieneviny lene : 



E^olyph^ny 1 enesulf ide : 





^eraldine: X » if 




In the above-given structures, /it is to be understood 
that H atoms may be replaced by substituentsy such as C^.^,- 
5 alkyl, or phenyl or groups containing ionic groups such as 



carboxylate or sulfonate. These groups may be attached.; : 
dtrcctly or through' ester, ether, or amide links vj. .In genieral^ 
substitution worsens the electrical conductivity, of the. 
conducting polymer, but may enhance features such as- 
solubility or Orientation at the air/water interface, for 
escample. In particular, in the case of polypyrrole, it is 
preferred that no substituents be present, because such 
substituents .typically lower the electrical conductivity. 

References which further describe the synthesis, and , 
prope^ies of theise conducting polymers include: 
M.F. Combarel et al, c>r, Acad . Sci^ Ser.C, vol. 262, p. 459 
(1966); L-T; Yu et al, J. Polvm, Sci. Svmo. C, vol. 16, p. 
2931 (1967); H. Dbrionedoff et'al, J. Chlm. Phvs. (Paris>, 
vol. 68, p. 39 (1971); T. Ito Bt. Al, J. Polvm. Sci. Chew. Ed, 
vol. 12, p. 11 (1974); H. Shirakawa et al^ Chein. Commun. . P. 
578 (1977); C.K. Chiang et al, Phvs. Re v. Lett., vol. 39, p. 
1098 (1977) ; ^.J. Higrey et al, chem. Commun.. p. 594 (1979); 
A.G. MacDiarmid et al, Svnth. Metals , vol. 1, p. 101 (1980); 
D;M- Ivory et al. J. Chem. Phvs. . vol. 71, p. 1506 (1979) f 
A.P. Diaz et al, chem. Common., p. 635 (3979); K.K. Kanazawa 
et al, chem. Commun. , p. 854 (1979); G. Tourillon et al, Jj. 
Electroanal . Chem. . vol. 135, p. 173 (1982); E.M. Genies et 
al, Svnth. Metals , vol. 36, p. 139 (1990); H.W. Gibson et al, 
■ 7^ Chem. soc. . vol. 105, p. 4417 (1983); M.C. DOS Santos 

et al, PHyR- Rev. LettJ . vol. 62, pi 2499 (1989); Synt^t 
Metals , vol. 29, p. £321 (1989); H. Kiess, ed. , conjugated 



conducting Polyiners . Springer Series in Solid istate Sciences , 
Vol. 102 r Springer-Verlag, Berlin,. 1992. 

Preferably, the conducting polymer is polypyrrole (PPy) 
or pblyaniline (PAni) . It. i^. particularly prjaf erred that the. 
conducting polymer be.PPy. « Moreover, it . is especially ] 
preferred than the conducting polymer be PPy with the 
counterion of ahthraquinone<^2-sulf onate prepared in the 
presence of 5-sulf osalicylic acid. Such PPy can be prepared 
as described . in R.V... Gregory et al. Synthetic .Metals, vol. 28, 
p.. ^823 .(1989) which is incorporated herein by reference. ^ 

The substrate may be any substrate on which the 
conducting polymer can be formed. Preferably the substrate is 
a dielectric or semiconductor^ Examples include inorganic 
substrates such as glass, quartz^ silica, silicon, silicon 
carbide, silicon nitride, alumina, aluminum nitride^, titania, 
titanium nitride, and diamond. Organic substrates include 
polymers, plastics,/ waxes; specific polymer materials include 
polyesters (e.g., polyethyleneterephthalate) , 
polyvinylacetate, polyolefins (polyethylene, polypropylene,, 
polyisobutylene, polybutadiene) , polyethers (polyethylene 
oxide, polytetrahydrofuran) polyvinylmethylether, 
polyvinylbutyletherr. polyamides (Nylon 66), polyacrylamide, 
polyimides, polycarbonates, polysulf ones, polyketones 
(polyvinylpyrrolidone) , f luoropolymers 
(polytetraf luoroethylene, polyvinyl idene fluoride, 
poly(tetraf luoroethylene-co-hexafluoropropylene) ) , aromatic 
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^fp^ooarpqn acid), 
abtylate and acrylic acid polymers v(p 
pbiyinethylmethacrylate (PMMA) > polyacrylic acid; 
pdly*ethacrylic acid) , phenolic polymers (poly^ 
novolalc), pblyyinylalcohol, polya^i)nies (J^dlyvinylpyridihey. 
p6iyyinyibipyridine> polyallylaminev pblyethyleneimine) ; 

pbiypeptides (poiy lysine) , slloxane polymers 

(pplydimettiylsiloxane) , halogenated polymers 

: polyc^ibrbstyirene) , acetal pblymetrs. (polyviny Ibutyral) , 
eibxies/ copolymers, derivatives/ and mixtures of the above. 
\ Preferred substrates for liquid crystal display. . 
r applications are flexible, transparent polymers such as S 
aclry lie polymers y polycarbonate, polyethyleneterephthalate, 
ekiid f luoropolymers. In a preferred : embodiment, the substrate 
is.' flexible, in a^ particularly preferred embodiment, the 
Substrate is a f luoropblymer, which has been plasma i^odif ied i 
described in U.S. Patent Nos. 4,946r,903 and 5,266,309, which 
; are incorporated herein by reference. 

The surface of the conducting polymer can be formed on 
the surf ^ce of the substrate using any conventional method. 
Thus, a solution of preformed polymer may be spin-coated or 
dip-coated on the substrate. However, it is preferred that 
the conducting polymer surface be formed on the surface of the 
substrate by in-situ polymerization of the monomers which make 
up the polymer in the presence of the substrate. The in-situ 



formation of a sxnrf ace of PPy is described in R.V. Gregory et 
al, synthetic Metals, vol. 28, p. c-823 (1989) , which is 
incorporated herein by reference.. The in-situ fomation of a 
sxirface of PAni is described in J. H. Cheung et al, rhin Solid 
Films, Vol, 244, p. 985 (1994), yhich is incorporated, herein 
by reference. ' 

. The first step (a) of the present process thus yields a 
continuous layer of the conducting polymer on the surf ace of. 
the substrate. Typically, the conducting polymer layer will 
be ^ nia to 1 bud, preferably. 10 na .to 500. nn, . thickv Control 
of the polyaerization conditions to obtain a layer of 
conducting polymer having the desired thickness is within the 
abilities of one hnying ordinary skill in the art. 

In the second step (b) , a patterned surface of a blocking 
material is formed on the surface of the conducting polymer. 
The blocking material may be any conventional material which 
does not adversely affect the properties of the conducting 
polymer. For the purposes of the present invention, what is 
needed is a film of sufficient thickness that can be applied ■ 
to the conducting polymer surface in a patterned fashion so 
that it can effectively block an etchant (or conductivity- 
altering reiagent) for the conducting polymer in selected 
regions of the substrate, and then be removed to reveal 
patterns of conducting polym6r and no conducting polymer, or 
conducting polymer and altered conducting polymer. 
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■ > - ThW patterned surface of blocking aaterial nay be f orned . 
by' any coiiventipnal techniqueV such as pattexiiwise iinradiation : 
bpl)7^5Sicai^ p^ttemwlse 
sptayihg. In the;CMe of radlation-induped patterning ot the 
blocking iaterial/ the blocdtiifig material will be a resist and 
step (b) will involve the following suMeps: 

(bi) forming a surf ace of a resist on. said 
' surf ace. of said cbnducting polymer; 

(bj)"^ exposing said surf ace of said resist to 
^ - actinic radiation in a patternwise fashion-^ . 
to obtain a patterned surface containing ' 
regions of resist which have been exposed 
^ to" s^d ac^^ radiation and regions of 

• resist which have not been exposed to said 
actinic radiation; 
(bj) developing said patterned surf ace obtained 

in step (bj) to' obtain a patterned surf ace • 
cont$iining regions of exposed conducting 
polymer and regions of • remaining resist;. 
For radiation-induced patterning, the blocking material 
will be sensitive to photons (infrared, visible, UV, x-ray) r 
ions, or electrons. A typical imaging film would, then be a - 
photoresist, ion beam resist, or e-beam resist. Descriptions 
of various types of imaging films, such as photoresists, e- 
beam resists, x-ray resists, including chemically-amplified, 
and non-amplified photoresists, as well as positive and 



negative ^one resists, are found in: W. Moreau, Semiconductor 
Lithography - Principles, Practices, a nd Materials . Plenum 
Press HY/ - 19887— €axapters 2'-^5-,—pp^29-'258 R.. Danmel, 
. Diaz onaph t hocm inone-based Re s t s ts p. SP.IB Press, Bellinghaia, WA, 
5 1993; E. Reichmahis, S*A. MacDonald, T. Ivavanaaa, Polymers in 
Microlithooraphy; Materials and Processes^ ACS Symposium 
Series Vol. 412^ ACS Press, Washington, DC, 19.89; L.P. 
Thompson,. C.G, Willson, and S. Tagava, Polymers for 
Microelectronics; Resists and Dielectrics , ACS Symposium 
10 Series Vol. 537, ACS Press, Washington, DC; 1992, all of which 
. are incorporated herein by reference.! 

Alternatively, another method for applying a patterned 
l^blockina film w ould be to phy sically sjbanp or spray a blocking 
material onto the conducting polymer surface in the selected 
15 region, and then proceed with etbhing or doping of the exposed., 
regions of the conducting polymer surface. In the. case of 
stamping and spraying, any inert material which can be readily 
removed without adversely affecting the conducting polymer 
layer may be used as the blocking material, such as a ' 
20 polymeric material as described above or a nonpolymeric 

material such as a wax or a compound which contains a long 
(C12-30) alkyl chain or other hydrophobic group. . 

Examples of specific commercially available e-beam 
resists and photofesists include: S1400, S1800, SNR-24B, 
25 SNR-200, and SAL-601 (all from Shipley Co., Marlborough, MA); 
the AZ 1500, 1900, 6100, 4000, 7000 series and the AZ P4000 
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series (eig. , Aj5-440>. and A2-4620): photoresists-;f roa}^^^^^^ 
ceiahese (Somervmer 11^^ Photoyeiist Prodiiqtsy 

Hbechs^ Ceianese Corporation, Somervillev MJ7 0S>S>~,wliic5lv is 
inTOrt>orited herein by^ and' the fe-b^B ^.es^ist c 

poiy*6thyl pethacrS^iate; (M^ (Al«irl<^ Oieinic^l Cb. . r 
MilwaxiXee, WI) Pria'f erred photoresists, due to f afctor^ su^ 
as lowey cost, wide availability, and sensitivity to>v , 
and long vavelfength OV* are the diazonSiphthoquinone-noyolaX 
types'; ^ei»plif .ied i>y;thie Si400, "SiiOQ, .and AZ-lioo^ ;Xa-1900, . 
.AZ-4400 and 4620 serieai resists. -. 

Either a positive, or a negative photoresist My be used. 
A positive photoresist is one in which pattemwise irradiation 
with^ actinic radiation and subsequent deyeiopment~a«#prd? a 
patterned surface in ,which the photoresist whic^ y*® ;. 
irradiated, is renidy^d fron the surf ape. .A negative 
photoresist is one in which pattert^wise irradiation with 
actinic radiation and subsequent development affordSva.: \ 
patterned surface in which the photoresist whichvwas- not 
irradiated is removed from the surface. 

The surf ace of tlie photoresist may be formed on .the 
suirf ace of the conducting polymer by any conventional method], 
such as spin-coating/ dip-coating, roller coating, etc. Spin 
coating is preferred for wafers and smaller (£127) siibstxfates 
Roller coating is of particular use for large area substrates 
such as large area liquid crystal display substrates. 



J. Photoresist layers for this type of process nay range 
ibetveen 0 01 and 10 microns dri thickness; typical values are 

6.5-2 microns^ although thicker and thinner ones- may 

conceivably be used. . , ..i .. . 

In substfep (b,),/the surface ^pf the photoresist is exposed 
to actinic radiation* The exact nature of' the actinid 
radiation used will depend on . the type of photoresist used in 
the second, step (b) . 

—Photoresists of the ..novolspc-diazonaphthoquinQne type are. 
typically- sensitive throughout the UV to near visible range, 
i.e., from -450 nm down to 190 nm and below, chemically- 
amplified photoresists are generally designed for use with 
high resolution exposure~tools-such^a_jteep UV stisppers, and 
are usually sensitive to radiation from about 365 nm down to 
190 nm and below. For a description of the operation of 
optical and other radiation exposure of resist3, see: 
Moreau, semiconductor Lithography - Principles/ Practices, an^ 
UateEialSf Plenum Press, NY, 1988, particularly caiapters 8 6 9 
(pp, 365-458) which is incorporated herein by reference. 
Typical sources for photolithography include: high pressure 
and low pressure Hg lamps (emitting UV and visible light, 
operating from 185 nm thru TOO), and laser sources (e.g., ArF 
and KrF lasers, operating at 193 nm and 248 nm, respectively). 

The surf ace of the photoresist is irradiated in a 
patternwise fashion by using a photolithographic mask. A 
discussion of photolithographic masks and their use in 
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contact, proximity, and projection printing c^n W'fpuhd in W.. 
Mpreau, Semiconductor Lithography ■^Principles, Practices > and - 
Materials . Plenum Press, MY, 1988^ pp. 379-397 and 401-402, -i^: 
which is incorporated herein b^y referent The exapt geometry' 
of the mask will depend on: (1) the pattern of the. conducting, 
polymer desired; (2) whether a positive or negative \ ■■ 
photoresist is being used; and. (3). the type of agent being 
tised in step <c) • 

Thus; the second step (b)^ affords a continuous/ layer ot\ 
the photoresist on the surface of the layer of the conducting 
polymer, ^control of the conditions, in the. method used for * 
forming the photoresist surface to obtain a layer of 
photoresist; having the desired thickness ;is well within the ,. / 
abilities of the skilled artisan. 

'When u^ing a positive/ photoresist and~an agent which 
either (i) removes the conducting polymer from the. regions of 
exposed conducting polymer; or -Xii) . decreases the conductivity 
of the conducting polymer in the regions of exposed conducting 
polymer, the mask will have a. geometry such that those regions 
of th^ stir face on which no conductivity or reduced 
conductivity are desired are • inadiated and those regions of 
the surface which are desired to exhibit good conductivity are 
not irradiated. When a negative photoresist and an agent 
which (iii). increases the conductivity of thei <:ohducting 
polymer are used, the same type of mask may be used. 



Alternatively, when a jpositiye photoresist is coupled ^ - 
with an agent of type, (iii) or wh^ a negative photoresist is 
coupled w i th aft ' age nt-nof^type- (1) , then -the mask will 

have a geometry such that those regions of the surface on 
which no conductivity or reduced conductivity are desired are • 
hot irradiated and' those regions of the surface which are 
desired to exhibit good conductivity are irradiated. 

The time of the irradiation will depend on the intensity 
and wavelength of the irradiation source and the thickness of 
the photoresist Ijayer. The adjustment of the radiation time 
to achieve complete irradiation of the desired regions of the 
photoresist surface is well within the abilities of the 

— skilled-artisani— ^ — '■ : — 

Thus, substep (bj) of the; present process yield a first 
patterned surface which contain regions of photoresist which 
have been exposed to actinic radiation and regions of 
photoresist which have hot been exposed^ to actinic radiation. 

In substep (b,) the patterned surface obtained in substep 
(b,) is developed to remove regions of photoresist. The 
development is typically carried out by contacting the first 
patterned surface with a reagent or solvent which selectively 
removes photoresist on the basis of whether or not the 
photoresist has been exposed to actinic radiation. When using 
a positive photoresist, the developing step will result in the 
selective removal of the photoresist from those regions of the 
surface which have been irradiated. When using a negative 
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V .. r developing , step will resul-t-" in the selective 

reiBoval of the photbresist from those regions of the surface 
which have not been irradiated; suitable , developing reageiitSr 
: dr soiviBnts are 10 of Moreaii et al ^ 

5 :: Semiconductor • Lithography Princir iies, Practices, an^ /. 
/ifateyialg/ pienmfc Press^ NY, 1988, pp. 459-544, which is 
incorporated^ herein by reference. 

• Thiis/^ affords a patterned surface which 

.cbn^ains''^f.iegion^^ of. Exposed conducting polyner. and regions o£ 
10 renaining phbtoresii^t ; Control of / the conditions , such as - 
: ' tine, ' teaiperature and concentration, to ensure contplete 
. developnent in sv^ (b^) is also well within , the abilities 

of the. sltilled' artisan. ? — : — — — - - ; 

' In step. (c) of the present process, the first patterned. 
15 surface bbtained in: the step (b) is treated with an agent • 

which*: ( i) rcinoves the conducting polyner ' from the regions of 
' exposed bondudt ing polymer ; ( ii) decreases the . conductivity of 
the conducting polymer in the regions of. exposed conducting *^ 
polymer; or (iii) increases the conductivity of the conducting 
20 polymer in the regions of exposed conducting polymer. . 

Examples I of agents which (i) remove the conducting, 
polymer from the regions of exposed conducting polymer include 
both physical and chemical etchants. Examples of physical 
etchants include ion milling (e.g., Ar ion bombardment), which 
25 would etch the PPy and blocking material at comparable rates, 
and therefore remove the PPy before the blocking material was 
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eaten away* This, requires a coTDplicated, . escpensiye tool and 
is less preferred. Chemical etchants may take the form of a- 
sbIufiOTS~or vapor phas^-;— Examples-pf-vapor-phase etchants 
include an oxygen or air plasma, that oxidize- and eat ayay the 
5 resist and PPy at comparable rates. The ion milling and 

plasma etching approaches are good with photoresist masking, 
because the resist is thick compared to the conducting 
polymer. For solution etching, there are two main 
requirements of the etchant: the conducting polymer has to 
10 either be soluble in the solution, or be converted . to a 

soluble species in the etchant, and the etchant must also not 
dissolve or distort the blocking material. 

since— photQgesists are generally soluble or swellable in 

many organic solvents (see discussion on resist stripping 
15 below), especially polar ones/ most organic solutions are 

unsuitable as selective etchants for. the conducting polymer 
which will not also attack the photoresist. PPy is generally 
an insoluble material. Therefore, the polymer PPy could not 
be readily synthesized and then cast into films for 
20 applications. It is for this reason (as well as overall 

process simplicity) that the in-situ deposition process is of 
such importance. Organic solutions are also, less preferred 
than aqueous solutions for disposal purposes. 

There are a number of reports in the literature of 
25 electrochemical or chemical oxidation of PPy with various 

reagents, including oxygen in the presence of water, PbO,, Ag' 
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Cix^*,, Fe'*; Br,; Ij. Spectroscopic, studies' suggest that 
pxidatibn of PPy with these reagents involves changeSv such as ! 
hydroxylation of the pyrrolyl nitrogen or conversion of 
pyrrole ring methylene groups to kjetone or carboxylid'acid'. 
functi6nalities> but does not subs\:lintialiy break up thiei 
polymer into soluble material (seesvG^B. Street, 'T.C. Clark^, , 
Mi krounbi, Kanazawa, Y. Lee, P. Pfluger, J.C, Scott, and 
G. Weiser, Molecular Crystals and liiouid Crystals , Vol. 83„; • 
. pp-. 253-2=64 (1982); C. Kakouris, J;A. Crayston, and J.;C. 
Walton, Svhthetic Metals Vol, 48, pp. 65-77 (1992);. P. A. 
Christensen and A. Haomett, Electrochimica Acta, Vol. 36, . 
pp. 1263-1286 (1991) ; jr. Lei, W. Liang, and C.R. Martin, . 
Synthetic Metals , Vol. 48, pp^ 301-312 (1992). In fact. 
Street reports that oxidation with Ag*, cu*^, Fe**^/ Br^, I, 
serves to increase the conductivity of the PPy, whereas 
oxidation with air or oxygen results in deceased 
conductivity. 

The only report that describes dissolution of PPy by 
proposed degradation into monomer ic, dimeric, and other 
soluble fragments 13 the ^report by C.C.. Chen and< K. Rajeshwar, 
J. Electrochem. Soc. . Vol. 141, pp. 2942-2946 (1994) '. Here, 
chloride. ion was electrochemically oxidized to hypochlorite at 
a PPy boated electrode and the disintegration and dissolution 
of the PPy from the electrode was observed. No suggestion was 
made for using the electrochemically generated hypochlorite 
for patterning PPy; in fact, the work revealed this reaction 
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to- be a deleterious side ef f eqt in the use of PPy as an 
electrode coating for battery ceils using chloride ion 
electrolytes. 

Thus, OCl* is the only: reagent reported in the literature 
5 ' that can function as an etchant for PPy.- Also, as it does not 
dissolve or degrade the photoresist', it is ideal as an etchant 
for the present process. ..Ceric (IV) amnoniufli sulfate has now 
been found to function as an etchant by removing the PPy from 
the substrate. The mechahisii .of = its operation is unknown. 
10 Both hypochlorite and Ce(IV) are ^strong oxidants, with formal 
potentials of -1-1.63 V (vs. NHE) and 1.44V (vs.. NHE) , 
respectively. However, oxidation potential is not the only 
important factor I, as PbO^, which is reported by Kakouris to 
oxidize PPy, but not dissolve it, has a formal potential of 
15 -I-1.46V - greater than that for Ce(IV). Hydrogen peroxide, 

manganese dioxide, nitric acid, and perchloric acid, all shown 
in Example 2 below to have little effect on the dissolution of 
ppy, have formal potentials of +1.78V, +1.21V, +0.94V, and 
+1.19V, respectively. All of these oxidants can be compared 
20 to the electrochemical potential for oxidation of PPy, which 

is —0.2V; so every one of the oxidants mentioned above has in 
excess of IV driving force for the oxidation of PPy, yet only 
. two reagents were found to be able to dissolve (as well as 
presumably oxidize) PPy. 
25 . Other agents which may be used for PPy removal are 

strong, aqueous oxidants and include: permanganate ion (MnO^*, 
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+i.49V), dichroiiiat>» ipn. (<iap^':;'^^^'^+^^^^ bromiate iow (BrO/, ; 

+1.52V), hypob^^oaite ion (BrO , +.li(SVj; nitric ;bxide (»o; 
+i.59V) , hj^oiodite (OI-, +1,45V) , and' persiilf^te xoiTntsp,*-^ . 
42.0V), All electrochemickl -potentia^^^ tackein from the . 

r pe HandbooW Qf. CheiiitstW a^^ PhVsffes; v53rd Mitibn, CRC 
Press, 1972-73/ pp. bll3rii5; 

Hypochlorite salt^ and ceriuia (IV) salts ar^ preferred* 
The.gegen ion may be any that does not interfere or have a 
. deleterious, effect. In the cai;e pf hypochlorite, Na and K may. 
be mentioned as suitable cation^/. In the case of 'ce(IV) the 
ammoriiuii sulfate salt' hais beeii found to be useful* 

Ori the other handv . .PAni : can be synthesized, in a soluble 
poiyie^^^ ^ substrate (we 

iise dime^hylacetamide; solubiiity in dimethylformamide, N- 
methylpyrrolidone, o!c. aqueous acids has been reported; see 
K.F- Schoch, W.A. ByersV L-J» ^tieltlftv- svnliheliic Metals. Vol. 
72, pp. 13-23 (1995) f K.G. Neoh; M.Y;: Pun, B.t. Kang, and K.Lw 
Tan, synHhetic Metals . V6l/73. pp. 209-215, (1995)).- 
However r the same general types of solvents that dissolve the 
PAni alsb will likely swell or . dissolve the photoresist, ^o, 
it is not obvious* at this point whether the solutions-based 
removal approach can identify the proper combination of 
etchant and resist stripper systems. Preferred oxidizing 
agents include salts of hypochlorite, such as potassium or 
sodium hypochlorite,, and eerie ammonium sulfate. 
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AS Shown in the Exampies given below, removal of PPy by ; 
the hypochlorite and ce(IVV etchants was essentially .coBpiete .;;: 
within seconds; TypicaUy; tfiese bxidizring agents will be ■ 
applied to the first patterned surface the form of an. 
aqueous solution. In the case o^>hypochlorite, O.Opl wt>% to. 
50 wt.% solutions; in water are suitable, and 1 wt.% to 10 wt.^ 
solutions are preferred. Irt the case of ceriu» amaonium. 
sulfate, 10-* to 10 M in water solutions are suitable,, and 10-» 
to 1 M solutions ar^ .preferred. Typically, the first 
patterned surf ace will be treated with, the oxidizing ag^t at 
15 to 95*C preferjibly 20 to 30»C, for a time of 0.1 to 100 
minutes, preferably 1 to 10 minutes. The control of the exact 
— conditions to ^aRatieve-complete-removal-of- the exposed 
conducting polymer is well within the abilities of those 
having ordinary skill in the art. 

Of course, it is to be understood that it is not 
necessary to remove ail of., the conducting polymer from the 
regions of exposed conducting polymer. Rather, it. is only 
necessary to remove sufficient conducting polymer so that th6^ 
conductivity in the regions of exposed conducting polymer is 
decreased to a level significantly below that of the 
conducting polymer in the unexposed regions. For example, in 
the case of PPy, a 15 nm thidc layer will typically have a 
conductivity of 500 S/cm, Since the conductivity of the PPy 
decreases with decreasing thickness, removal of only a portion 
of the PPy from the exposed regions will result in a decreased 



conduct iV^it^ in . those regions • A decrease in • conductivity by 
• a- factorl. 6^ is easily . achievable even* vithout removing all 
of the conducting pblynier from the exposed regioiis.. When the 
patterned - surf ace oif conducting polymer is being ^ .uscfd . as. a . 
circuit -or. in a biochemical sensor/ a decrease in conductivity 
by a factor of. ia%> preferably 50%, is sufficient, to result in 
•selective; qonduction through, t^ of higher ^ ' 

bohductivity. mien the' present patterned surface is being 
use^d in '^^ crystal display, it is preferred that the 

conductivity of the exposed regions of conducting polymer be 
' r€fcducedl;^!such ' tiiat the ratio of the conductivity of the' 
untreated cbnducting polymer to the conductivity of Hihe 
treated conducting, polymer be at least 10*, preferably 10*. 

The phahge in surface resistance that was obtained in 
Example 2 below, was a decrease of .-l50x. Specifically, in: 
one example, for <i smarting value of surf ace resistande for 
PPy of 2*5 kohm/sq (kohm « 10* ohm) , treatment with MF-312 
developer (tetramethylammonium hydroxide aqueous solution) . 
produced a surface resistance of -305 kohm/sq, giving a change 
-of .122x.' 
The ef f ect of having regions of higher vs. lower surface 
resistance with respect to liquid crystal switching is to 
flatten and spread the intensity vs. volt,age curve* 
Differential switching in one region vs. another occurs but 
depends strongly on the switching voltage frequency. Thus, 
the liquid crystal LC switching characteristics of those 



regions vould .be different,, which nay be used in a display 

donf iguration. / ^ 

Examples of agents which (ii) decrease the conductivity 

of the conducting polymer in the exposed regions of conducting 

polymer include hydroxides of the' formula R^.J(Hn*j in which R 
is Ci.4-al)cyl and x is an integer of 1 to 4 and aerial 
oxidation. Especially preferred is tetramethylammonium 
hydroxide. As in the case of the agents of type (i), the. 

.agents of (ii) are typically applied to the second patterned 
surface in the form of an aqueous solution. In the case of 
R^.jjNH^^OH*, 10"* to 10 M solutions are suitable, and. 10.'* to 1 H 
isolut ions are preferred. 

r— The--exaet^-eonditions-af-~treatment^with_thfiLA^^^^ of type 

(ii) will of course depend on the exact nature of the agent 
and the conducting polymer. In the case of a 0.27 N aqueous 
solution of tetramethylammonium hydroxide and PPy, good 
results may be achieved using treatment times of 6.1 to 100 
minutes, preferably 1 to 10 minutes, and temperatures of 15 to 
95 "C, preferably 20 to 30*0. As noted above, when the present 
patterned surface is to be used as a circuit or in a' 
biochemical sensor, the treatment of the second surface with 
the agent of type (ii) is suitably carried out so that the 
conductivity of the conducting polymer in the regions of 
exposed conducting polymer is reduced by a factor of- 10%, 
preferably 50%. However, when the patterned surface is to be 



iis'fed- in a- lic^ crystal display greater" 

. necessary > as Vdescribed^ -^^'^y^l^/y^'-.r ' •^ . • 

Examiiies o£^ suitaW 
lAarease' the : bohd'uct ivity of :th4 lesqpose^^^ cQiKlucting! polymer ' 
include strong; ^rpt ;^u£»eiFf:^6id8, Varioiid : oxidants 

(see i^age . 27/ and tbcaikple 2) ',- and .ele'ctrocheaical oxidation. 
Preferred agents of type/(ili). ineiude .HCl, mib,; and HClb^i 
Agaiii^- Idle Second patterried siir facia typically be treated 

with an aqueous . solution of the agient of type; (iii) *. , In' the' 
case of strong protic.aci^s, such'^^a^^ HCld^, :and 

HjiSO^/ 10^^ to 10 H solutions are ssuitable^ and l6~^ to 1 M. 
solutions ! are prc^f erred. . ' . 

The'^exact time-^nd^ temper a tur^rf^ . the 

* , - *.»...* _ ' ■ . ■ . 

second patterned surface, will depehd on. the identity of the •. . 
agent of . type (iii) and the conducting polymer, in the base 
of a/1 M solution of HNOy aind PPy, good results may be achieved 
using a treatment -time of O.X to 100 minutes, preferably- 1. to 
10 minutes > and a temperature of Is to' SS^'C, preferably. 20 to 
3 0*C. When the patterned surface of conducting polymer is to 
be used as a circuit or in a biochemical sensor, the treatment 
with the agent of type, (iii) is suitably carried out so that 
the conductivity of the exposed conducting polymer is 10%, 
preferably 50%, greater than that of thc^ conducting polymer in 
the unexposed regions. 

Thus, step (c) affords a surface which contains regions 
of blocking material (remaining photoresist in the case when 



substeps (bj) # (b,) . and b,) are used) and. regions in which: 
(i') at least a portion of the conducting polymer has been 
removed; (ii') the conductivity- of-^e.-exposedl conducting 
polymer has been decreased; or (iii') the conductivity of the 
exposed conducting polymer has been increased. 

In step (d) , the bloOcin^g material is removed. 
Typically, the remaining . photoresist will be removed by 
washing with a solvent or stripper. The exact solvent will 
depend on the identity of the photoresist. Strippers for 
resists are described in Chapter 14 of W. Moreau, 
Semicond uctor Lithooraphv - Principles, Practices, and 
Materials . Plenum Press, HY, 1988, pp. 779-812, which is 
4ncorporated-herein.iy_j:^f^l^cfi^a^^ is to 

strip the resist without adversely affecting the conducting 
polymer that remains on the surface. Strippers can be: 

1) Organic solvents, typically polar solvents such as 
chlorinated hydrocarbons (e.g., methylene chloride), ketones 
(acetone, methyl ethyl ketone, methyl isobutyl ketone, N- 
methylpyrrolidone) , esters, alcohols, dimethy Isulf oxide. . 
Preferred arc non-toxic solvents like acetone that have been 
shown (Ex. 2), not to affect PPy; or 

2) Aqueous strong acid or base solutions. 
In the case of the photoresist S1400, acetone is the 

preferred solvent. The selection of a suitable solvent for 
given blocking material is within the abilities of those of 
ordinary skill in the art. 
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Remoyal of the bldcking material in step (d) affords a 
surface containing regions of exposed conducting polymer ; : 
having a conductivity substantial ly equaT"to~th^t; of the ; 
conducting polymer surface formed in the first i^tep (a) and 
5 regions in . which: (i') atr least a portion of the- conducting 
polymer has been removed; (ii') the conductivity, of the 
exposed conducting polymer has been decreased; or (ill') the 
conductivity of the exposed conducting polymer has been 
increasedf; ' . • / • 

10 In cases (i) and (ii)r the- regions of .!.conducting[ polymer 

which were not exposed and .which were not treated with an . 
agent in step .(^) wili have a higher conductivity than the 
"regions^ a^^^ the regions of 

conducting polymer which, were not exposed and which were not 
15 treated with an agent in step (c> will have a lower 
conductivity ' than the regions .(iii') • 

By means of ; the present process, it is possible- to obtain: 
surfaces having, an exposed pattern of conducting polymer in 
which the pattern of conducting polymer has any geometry or 
20 pattern which is conventionally achievable using 

photolithographic techniqpies* Thus, it is possible to achieve 
patterns in which the line width of the regions of high 
conductivity or low conductivity is as fine as 0.1 micron 
linewidths^ using current state-of-the-eu:t optical lithography 
25 techniques, and --10 nm or below using state of the art 
electron*beam or ion beam exposure tools. 



The pat'temed surfaces of Conducting polymer produced by 
the present process may be used lasi the conductive element in , a 
liquid crystal display device. Thus, the present patterned 
surface can. be used as a replacement for a conventional 
patterned surface of* ITd.in a iij^id crystal dis|>lay device. 
However, a^ alluded to above, due to the flexible nature of 
the conducting polymers, it is preferred that the present 
patterned surface of conducting polymer be. present on a 
flexible substratet and constitute the conductive element in a 
flexible liquid crystal display deyice.- 

Figure 1 is a schematic diagram of one embodiment of the 
present method. In the first step, a film of PPy is formed on 
" a^ polyme r-substra t e . ' I-n-the— secpnd^tepL,^a-Xay.er^. of 
photoresist is spincoated on the PPy. In the third step, the 
photoresist is exposed to. actinic radiation in a patter nvise 
fashion. In the fourth step, the exposed photoresist is 
developed to remove the photoresist from the regions which 
were exposed to actinic radiation in the third step and to 
expose regions of PPy. In the fiftl) step, the exposed' PPy is 
. removed by etching, and in the sixth 3tep, the remaining 
phbtoresist is removed. 

The present invention will now.be explained in further 
detail in the context of PPy. However, it is to be understood 
that the good effects of the present invention may be achieved 
using other conducting polymers. 
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• ' \ This invention describes a ' simplev ■' practical prbdi^ss - for 
prbducihg high resolution patterns of a conducting polymer- oij 
polySer re". sui>stratels .^^Kis apprbateirhas^^ to 
cbntenpiated in ahy .o£ the preVi^^ reports on t^^ 
of conducting polymers • ' Thlh f iliis of ppy can be deposited ;by 
the in-sltu method onto plasm^^modif led ' f lubrb . 
substrates using previously described procedures. A ' . 
photoresist is then applied to the conducting polymer; film* 
the photoresist is exposed with uy light through a, cohtact 
ina^kr and is developed to form a pattern of photprissist..oi|p top, 
of the PPy film. An aqueous solution of i^odium hypochlorite 
or other reagent is then applied to the photoresist-coated PPy 
to-remove-^he-PPy f ilB^-f tom-the-^^^ by the 

photoresist*; Finally, the photoresist is dissolved:. from the 
surface using a solvent such as acetone, leaving patterns of 
electrically conductive PPy on the :f lubropolymer substrate. A 
schematic description/of ' this process is ^ shown in Figure 1. 
The PPy-pattemed substrate is then \ised as the pattern- 
forming conductive element in a liquid crystal display. 

In a variation of the present invention, the PPy is 
deposited onto the f luoropolymer substrate as above and the 
photoresist is applied, exposed with UV light, and developed 
with an aqueous solution of tetramethyl ammonium hydroxide 
(TMAH) - a conventional commercial photoresist developer^ The 
TMAH increases the surface resistance (and decreases the 
electrical conductivity) of the PPy by a factor of -150, but 



^ \ does no^ remove lihe PPy from the;^ substrate. .^ T^^ 

is then dissolved from the substirate as above.: In this case, 
thfe highly conduct iWT^^ regions ^^^c^ active' 
/ regions of - an LC display, whereas the more highly resistive, 
5 base-treated regions will not swJ^tch as effectively at the 
. same applied voltage and do. not function as active areas* 
This configuration may be preferred in applications where the 
complete removal of the PPy film is hot desired*. In this 
embodiment, steps (d) and (e). are. combined. 
10 Finally, certain reagents. such as hydrochloric acid, 

nitric acid, sulfuric acid, and perchloric acid as well as 
those reported in the literature have been found to decrease 
the surface resistance~tahdHLncrease-^e— eonductivity) of as-, 
formed PPy films by up to a factor of 3.. Treatment of PPy 
15 films, either before or after, photoresist patterning 

procedures described above, can be used to optimize the 
electrical characteristics of the PPy fbr display - 
applications* * ' 

Materials and methods for producing patterns of 
20 conducting PPy patterns on f luoropolymeric substrates are 
described in the examples below. . HoweVer, the photoresist 
patterning method, coupled with appropriate reagents for 
either removal, impairment, or enhancement of the electrical 
properties of the conducting polymer is a general concept that 
25 can include non-f luoropolymeric substrates (including 

inorganic and other polymeric materials) , other conducting 
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\: polymers (such as polyaniline, polythiophene, poiyacetyiene) V 
: and other etchants (solution phase or plasma) • The patterned 
conducting polymers produced by this approach can be used for 
liquid crystal displays, -sensors or transducers f or : . 
5 electroch€^mical, radiation, temperature^ or acoustical -input:, ' 
microelectronic circtiitry, .or other applications where 
patterns » of electrically conducting polymers are required. . . 

Other applications of the. patterned conducting polymers 
afforded by the present invention include:, actuators; 
10' antiradiation coatings; antistatic .coatings and carpets; v. 
^ coatings, fibers, films, paints,\ etc. ; artificial muscles;: : ' 

batteries (lightweight, high enexfgy density, rechargeable, 
; flexible, odd-shaped); capacitors and supercapacitors;' 
catalysts; coating for initiating electroless or electrolytic 
15 metal plating on dielectric substrates;: conductors 

/(lightweight); controlled-release medicine delivery system^; 
corrosion-preventive paints; displays; electrochromic and 
; electroliiminescent displays; smart windows; electrodes. ^ •• ' 
- (catalysts, fuel cells, etc. ); electromagnetic shielding; 
20 eiectromechahical actuators* for biomedical devices, 

micropositioners, microtweezers, microvalves; . etc. ; electron* 
beam resists; field effect transistors^; fuses (reyersible)-rgas 
separation membranes; heating elements (e.g., clothing); 
infrared reflectors; photolithographic resists; loudspeakers. 
25 (electrostatic); memory devices (electrical, optical); 

molecular electronics; micro- or nanoelectronic circuitry; 
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nonlinear optics;, packaging materials; pH modulator;., 
polymer/ solid electrolytes; semiconducting devices: p<*n 
junction, -photavoltaics-r—Schottky-dip<tes.^_light^ 
diodeSr transistors, etc.; and transparent conductors. 
5 Such applications are discnissed in J.S. Miller, Adv. 

Mater*., f^ol. 5, p. 587 (1993) and in. Horeau, pp. 759-823, 
vbich are incorporated herein by reference. 

A polymer or. glass fiber coated with PPy or other 
conducting polymer in a selected region may be used as a 
10 biocompatible electrochemical sensor that may be inserted or 
implanted into a. cell or other small area. It has recently 
been reported that neurons may be stimulated by voltages . 
-applied^tQ_aL-g,onduct inq polvmer-coat ed glastic; there was no 
pattern definition involved. The present invention may be 
15 used to provide electrical stimulation to neural networks much 
like those currently produced on glass, substrates. Acoustic 
sensors may be fabricated by putting PPy electrodes onto a 
piezoelectric polymer such as polyvinyl idene fluoride. These 
sensors become more sensitive as they have less. mass to' 
20 displace, and using a lightweight conducting polymer, rather 

than a metal electrode, could yield improved acoustic sensors. 
Conducting polymers have high electrical conductivity, but 
poor thermal . conductivity and, as such, may be used to prepare 
improved pyroelectric detectors, because current materials are 
25 much better thermal conductors and spread heat, thereby 
lowering the resolution of the thermal image. 



In additipii^ present. i>at1:ei:ned surfaces ' of c6nductihg . 
^6l:ymers m^y^b^^^^^ as a plating 'base for^^th^/patternvise 

plating ^ oJC jnetal . onto^he^^surTace .r^Tiie^^ preseSt"^tte«i~ed 
dbnductiiigt may be tiseia : as a plating base for either . 

•^l^ptrbie^s^ plating br. elfectropiatlng (in which current is 
passed thrbugii 'thb condu pdlysier) of metals as., circuit ' 

traces; vlasV or inter connects on nonconductor substrates. 

Other features of the invention will becone apparent in* 
the course of. the" following descriptions of exemplary : 
embodiments which^ are given, for illustration of the L invention ^ 
and are not ihtdhded .to 

^ ^EXMtPibE-W ^— Fabricat^on^of-^PPy^ PEP 

substrates*. / •. ; ■ ' 

> ■ Conductive films^ of pblypyrrdle were deposited onto- 
: modified tetraf liioroethylene-corhexaf luorppropylene (PEP> 
' films (obtained froiw' DuPbnt Co- / Wilmington/ DE) using the iii- 
* ^Itu polymerization method* A transparent film, of .FEP was cut 
into a 1.5 X i.5 inch square and then ultrasonically cleaned 
in methanol ie or 30 sec. The FEP was then placed into a 
Harrick. radio frequency glow discharge (RFGD) plasma cleaner 
(Model Pbc-23g) which was. modified with an in-line high vacuum 
leak valve for controlling gas flow and chamber pressure. A 
mixture of and methanol was then introduced into the plasma 
chamber under constant flow conditions such that a constant 
pressure of 100 mTorr was achieved. The FEP film was then 
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. : exposed to a plasma for i.5 min.. After removal from the 
. plasma chamber the modified FEP film was th^n ultrasonically 
washed in methanol. — This-proeess-eontrollably defluorinates 
: . • . the FEP film and produces hydroxyl (-OH) groups pn the ^surface 
SI of the polymer* The plasma modification proces.s has been 
..described in U.S. Patents 4,946,903 and 5,226,309, which are 
incorporated herein by reference. 

Deposition of conducting films of polypyrrole (PPy> onto 
modified FEP was done using an in-sltu polymerization 
.10* technique. Pyrrole monomer (6.6 mL) was dissolved with 

magnetic stirring in 100 mL of pi water (200 loL beaker, room 
. temperature) during 15 minutes, in a separate 400 mL beaker, 
ferricL-Chloride^ t3.5a) wa s, dissolved vii ^h insLqp^ip_j^iriii^iriT^ij in 
iOO mL of DI water. After 5 minutes stirring at room 
.15 temperature, 0.9 8g of anthraquinone-2-sulf onic acid sodium 

salt (AQ2SA) was added to the ferric chloride solution. This 
solution was stirred for .5 more minutes to dissolve ^the AQ2SA. 
. Then, 5.34g of 5-sulfosalicylic acid sodium salt (SSA) was 
added, and the, solution was stirred for 5 more minutes' to 
20 dissolve the SSA completely. 

Polymer substrates were immersed inside the 4.00 mL 
beaker. The entire 100 mL of pyrrole solution was added 
quickly (during 1-2 seconds) to the beaker containing the 
ferric chloride mixture, completely immersing the polymer 
25 substrates into the deposition solution. After 5-15 minutes 
in the deposition solution, the substrates were coated with 



mf Kf yttM9:^*^ . • . 

• . : • : -44- ■ * ■ 

thin PPy filins; and were removed! trdk- tii faeakerV ' Shorter 
deiiosition times yielded films \6f higher transparfehcy. ^hd 
higher surface resistance than those deposited at longer 
. . times. The piPy fiiis were ultrasonically cleaned, in. a -400. 

beiaker filled with DI. water for 30 :6ec, uiteasbnically cleaned^^ 
in methanol for 2 min/ and then^ rinsed in methahol for; 20 seci 
The PPy films were then dried under nitrogen flowi 

The PPy films on the FEP substrates were characterized by 
UV--Vis-Nii?L ' spectroscopy and by 4-Tp6int probe resistance 
measurement. Measurement of the. intensity of the. SSd . ni| peeik 
of the PPy film by W spectroscopy gave both the transparency, 
and thickness of the PPy film. Typical transparencies- ranged 
. '"from 50-65* transmits ioiTat^SStrnim f ilm, tliickness , 

ranged from 10. to 25 nm (using the conversion factor of 0.0375 
I Absorbance units «'3i5 nm thickness). Electrical measurements 
of the PPy films were made using d Signatone model 4 -point 
probe with a Keithley model i9S Voltmeter and Keithley model 
224 power supply. Typical values of surface resistance- for ' 
as-prepared films ranged-between 600-4000 ohm/sq, although 
C some preparations yielded PPy films with surface resistances 

as high as lOK ohm/sq; corresponding electrical conductivities 
ranged between 100-1300 S/cm. PPy films allowed to stand in 
. air under ambieiit conditions generally exhibited an increase 
in surface resistance over a period pf several days; 
25 stabilizing at values typically ranging between 5-10 kohm/sq. 
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PPy £ilins for display fabrication were used as soon as . . 
possible after deposition to avoid oxidative degradation. 

EXAMPLE 2 > Ef feet pf various reagents on the electrical 
properties of PPy films. ^ . 

5 Films of PPy on F£P substrates, prepared as described in 

Example 1, were treated with various solution reagents for 
times ranging from 30 sec to 10 min, and the change in 
surface resistance. of the PPy film was measured using the 
fourrpdint probe technique. Although PPy films for these 
10 experiments were taken., from the' same, preparation, the surface 
•resistance values- from sample to sample can vasry by a factor 

af--2-3 , so^ the-ch€mgei^in-&urf ace^ixesiata^ 

normalized to the initial value of the PPy film prior to 
exposure to the reagent. For the results shown in the Table 
15 below, the initial surface resistance values for the PPy films 
: ranged from 2 Kohm/sq to 6 kohm/sq. 

It should be noted with regard to the surface resistance 
changes that if the PPy film is of the highest quality, i.e., 
lowest starting surface resistance/highest conductivity 
20 values, then the acid doping has little affect. The data in 
the table was obtained for films of moderate quality, where 
the additional increase in* doping level could be discerned. 
However, the base-induced undoping was effective regardless of 
the initial PPy surface resistance - for the typical ranges 
25 produced above. 



•/ > :The reagekits an4\ th6ir ' ef f ^c^^^^^ siirf ace xesistanc^ . * : 

are listed Vbelw f 6r 1 ttift ^iinmei^sioh i'times at: 22^C: . ! ' ' F >^ 



tteaoent . . . ^ . V ; 4: ' \ Surface Resistance (R,?V 

Change 

.1:1 MF-312 developer (see Ex. 3) Increased 142x 

Cone* NH^ori - Increased 82X 

4M NaOH (aq) . Increased 1.3x 

ui CHjCOOH Increased 1.4X. 

30% H2P2 ' ^Increased* 1.9X 

IH HCl - ' Deer eased. 2. Ox ' .7^; 

IH H3SO4 Decreased 1.7x 

IH HNO, \ V Decreased '3; 2x:' 

■ irf HCIO4 Decreased 1.9x> 

IM NaHO) . Decreased 1 .Ax 

0.1M AgNO) Unchanged (<10%) 

IM MhO, in IM HCl Decreased 2.5x 

- Clorox bleiach (5*25% NaOCl (aq)) Reaoved film 

o;iM (HHOaCeXSOJs Removed film 

Acetone Increased l*4x 



These data show that reagents such as. MF-312 developer. ; 
and ainmohium hydroxide severely impair the .siirf ace tesistancet. 
(and therefore the electrical, conductivity) of PPy films; 
adidic reagents can improve R^ ahd <f by' -2-3x; acqttohe which is 
employed in the photoresist removal step (See Examples. 2 and • 
3) does not materially affect the electrical properties, and 
strongly oxidizing reagents such, as aodium hypochlorite and ; 
eerie ammonium sulfate dissolve the PPy film and remove it . 
from the f luoropolymer substrate. 



EXAMPLE 3 > Fabrication of patterned. PPy films using sodium 
hypochlorite etchant^ 
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Polypyrrolc-coated FEP. substrates . were produced, as ; , 

described in Example !• The .PPy^coated' substrate was spin- 
. coated with 1.2 Mtt thick film o£. S14^ 

Cb.) » The photoresist was exposed to 20 sec (total dose - 200 ^ 
5 Bj/cm*) of patterned IIV (365-405 inm) radiation uising a Hg/Xe 
. lamp^based contact printer (Karl SOss Co.) with a chrome-on^* 
glass. pontact mask*. The exposed photoresist was dissolved 
using MP-3 12 developer (Shipley Co.). at 1:1 dilution with 01 
water (the diluted solution is. composed of 0.27N 
10 tetraiaethylaBunoniuin hydroxide, TMAH) foe 1.5 min and was 

rinsed with DI water. The substrate was then immersed in a. 
solution of Clorox^ bleach (aqueous sodium hypochlorite) for 
. 30-j60^s;ec-tQ-dissolye the_EEy:xil^nLJCrom . 
unprotected by the photoresist; the substrate was then rinsed 
15 ; with DI water and dried under a stream of nitrogen.: The 

photoresist was then removed by immersing the substrate in 
t acetoniB. for 1 nin, and. t^e substrate was rinsed with DI water 
and dried. Examination of the substrate by optical microsccHpy. 
showed, patterned regions of polypyrrole that replicated the- 
20 patterns on the contact mask, with features having minimum 
linewidths of -50 m» and sharply defined edges. The same 
procedure was used with a contact mask having serpentine 
patterns and linewidths as fine as 10 /im. Optical micrographs 
of the patterned PPy films are shown in Figures 2a and 2b, 3, 
25 and 4. In Figures 2a and b, the lighter regions are those in 
which the conducting polymer remains, and the darker regions 
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arer those in^'.vhich the conducting, poiymer was removed *• in 
Figures 3 'and 4, the lighti^r regions are those in vhich the 
conducting, polymer was removed aiid, the darXer regions are 
thbise in which the conducting.; polyiaer remains* 

The 'same. PPy patterning procedure was used as desclribed . 
above, with thfe exception that a high, resolution lithographic . 
test maslc. was employed with an exposure dose of loo-mJ/cm^ and 
a development time of 1.5 min» Inspection of PPy patterns 
ujider the optical microscope, revealed patterns with minimum . 
linewidths - 6f 1^2 fm. . * . 

EXAMPLE 4 , Fabrication of patterned* PPy films using eerie 
ammonivim sulfate etchant» 

Polypyrxole-coated FEP substrates are produced as 
described* in Example 1 and are coated with photoresist, 
expoised and developed' as described in Example 2 • The , 
subistrate is then immersed in an 0.1 M aqueous solution of 
eerie ammonium sulfate for a. period of 10 min'or less to. 
remove the PPy film from the regions not protected by * 
photoresist, rinsed with DI, water and dried. The. photoresist, 
is removed by immersion in acetone as described above, Ic^aving 
patterns of PPy on the FEP subistrate. 
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EXAMPLE 5 . Fabrication of patterned PPy films yitli lowered 
stirface resistance. 

Patterned polypyrrole-coated FEP substrates are produced 
as described in Example 3. After removal of the photoresistr . 
5 ' the patterned PPy film is immersed in a solution of aqueous 
(IN) nitric acid for l.min, rinsed with DI water and dried* 
The acid dip decreases the surface' resistance of the PPy by a 
factor of -3x. 

EXAMPLE 6 ^- Fabrication pf patterned PPy films, using. MF*3 12. 

10 Polypyrrole-coated FEP substrates were produced as 

described in Example 1 and were coated with photoresist, 
exposed and developed as described in £xamp±e~2:; — The MF-3 12 
developer degrades the * electrical properties of the PPy film 
in thck regions unprotected by the photoresist. . The 

15 photoresist is then stripped with acetone as described above. 
The f iuoropolymer substrate now has patterns of highly 
conductive PPy film corresponding to the regions that were 
protected by the photoresist; in the other areas, damaged PPy 
with -iSOx higher surf ace resistance remain. 

20 EXAMPLE 7 . Fabrication of a liquid crystal display using 
patterned PPy films. 

An unpatterned PPy-coated f Iuoropolymer substrate (-2" 
square) was produced as described in Example 1. A patterned 
polypyrrole-coated FEP substrates was produced as described in 
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'txik^^ inserted between. " 

the tw substicates to be able " to control the spacing of the , 
c^llV The ipbtt! tievice is f abricsntcd by mixing equal weight 
percentages Vo^ neihatic liqviid; crystal mixtiure H? {m : 

QiMical^y^-'^a^ cuiriible" optical ^ a norland Optical 

AdhesiVe^#6Sv^ B^^^ Norland adhfesive^. . 

: the liquid crystal is dissolved: in a pre-polyiaerr and a ssail - 
amount of this hombg^neou^ mixture is placed on the conducting 
polymer spacers.; The substrates are .placed 

on . tibp <^f : eacki bther . with the conducting surfaces facing^ 
toward th4 inside of tj^^ offset, such' that 

the electrical contact can be made.- . The sample is 
^hbtopoiymerized for approximately twenty minutes using 360 rm 
UV light. Connection to an electrical power supply was made 
by attaching metal clipa to the PPy f ilm^coated substrate. 
The PDLC device, fabricated in this, manner using the 
polypyrfoie film as the conducting siib^ exhibits ' 

electrooptic. switching. The Voltage dependence of the 
intensity of transmission of the PDLC device with polypyrrole 
substrates shows a threshold vblt;age of about 15 vclts beyond: 
which the intensity attains a sjaturation value. 

, '■ • . ' » . 

EXAMPLE 8 . PDLC device fabricated from PPy film on PET> 

A number of PDLC deviceis have been fabricated using both 
polypyrrole and polyaniline films as electrodes. Here the 
fabrication and working of one type of PDLC as a typical 



-51- 

example is described. The PDLC device was fabricated using 
polypyrrole coated PET as described in Example 2. " A schematic 
diagram of thisTaevxce (the diagram is generic- f or-any r type of 
conducting polymer film) is shown in Figure 5. This device 
5 has a very important f eatiure r the electrically conduciting 
surfaces by which the voltage is applied to the device are 
conciucting polymer films. Thus, the ITO coated glass or 
plastic conducting substrates of the usual PDLC devices are 
replaced by conducting polymer films in this device* 
Lo The conducting polymer (polypyrrole) coated PET was cut 

into strips* of appropriate size (e.g., 5x5 cm*) for the PDLC 
cell fabrication. To be able to control the spacing of the 

cell be t ween th e:: electrodes7—ene-Qg~the~ substrates was treated 

with the 15 micron size spacers. The PDLC device was 
15 fabricated by mixing equal weight percentages of eutectic 
nematic liquid crystal mixture E7 (EM Chemicals) and UV 
: curable optical adhesive. Norland Optical Adhesive #65. The 

ordinary refractive index of the liquid crystal is nearly 
/ equal to that of the polymer (n=»l,524), a prerequisite to 
20 fabricating a PDLC light shutter. Before polymerization of 
the Norland. adhesive; the liquid crystal was dissolved in a 
prepolymer and a small amount of this homogeneous mixture was 
placed on the conducting polymer substrate with the spacers. 
The substrates were placed on top of each other with the 
25 conducting surfaces facing toward the inside of the cell with 
a small offset, such that the electrical contact can be made. 



WO!r7/l»»44 |»l.T/US5WJ866» • 

••• . ' • -"52- • . .;' •• ■ ■• 

The saiiipi^a wa'si photbpoljw'erii'feid" f or approxim^ twenljy/.y • f 
minutes in by light (360 vni) pre-poiyner moiety^ v 

polymerizes, the Idw moiecuiai- weight liqviid crystal is no 
longer sol\Ale in the polyner;!bihdet and it' subseqoehtly jphas^^^ 
separates from the p61ym*r binder. iThe liquid crystal droplet 
morphology begins to form and the droplets ccmtinu* to grow; 
until the polymer binder IpcJcis in the droplet morphology and 
size. The PDLC device, fabricated in this manner using the 
polypyrroie f il* as the cohductii^^ • 
electro-optic switching. Thie voltage, dependence o^ th^ 
intensity of transmission of the PDLC device with poiypyr^ole 
substrates showed a threshold voltage of about^ 15 volts beyond 
which the intensity attains a saturation Value;. This 
behavior, the qualitative nature of the variation of the 
intensity with applied violH:age,. as well as the magi?itude of 
the threshold voltage r are vi^ry similar to tho^e ini currently . 
used PDLC devices with ITO based substrates. 

mcMiPLE 9 . Twisted nematic liquid crystal display device 
fabricated from PPy f ilai PET. • 

.A xil C611 was fabricated using polypyrrole films 
deposited on PET as in Example 2. The cell (Wgure 6) 
consists of two conducting substrates, two polarizers, spacers 
to control thB ceil thickness, and eutectic nematic liquid 
crystal material (E7). The conducting substrates were treated 
(unidirectional rubbed) to create uniform parallel alignment. 
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The subistrates. were sandwiched together with the conducting 
sides facing each other, a small offset to allow for electric 
coniiect'ions; and with' tKe' allgnneht^ 
substrates rotated at 90» with riespect to the bottom 
substrates. The spacers (usuallyj- 3-10 microns)' were, placed 
between the substrates so as to control the cell thickness. 
The two opposing side edges are sealed \^ith an epoxy glue and 
the cell is filled with the liquid crystal by capillary 
action. Placing the cesll between crossed polarizers completes 
the TH display. 

The electro-optic characteristics of a TN device, 
fabricated using the conducting polymer (polypyrrole) films 
ieposited on P E T as the e l ect r od e Bi i r f a nft 8..J!iayeJb>een 
investigated. The applied voltage was 24 volts across the 
thickness of the cell- The rise time and the off -time, 
evaluated from the value of the optical intensity at 10* and 
90% of the intensity, are 35 ms and 54 ms. Thus, the 
functioning and the characteristTics of a working TM device 
fabricated with an optically transparent conducting polymer as 
the conducting substrate has been demonstrated. This reduces 
the steps involved in the device fabrication. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the 
scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 



- 1',. A;.process: for preparingi a pa-tterned conductirlg . . 
polyioer surf ace^ said p*oce^ /.. _ 

. . : . (a) . f oriiing a surf ace of a conducting, polynier on a 
• surface of a substrate; 
(b) forcing a surface of a blobking iiaterial\on said 
.isurfice. of said conducting polywsv in a pattMrtiwise 
• fashibn, to obtain a first patteinied's^ 
. containing regions of ejcposed conducting polyiier and 
regions of .blocking material; 
(c). tr eating said first patterned surf ace with dn agent 
wiiih: (i) . reinoves said conducting pblyaer f^^ 
• regions of exposed conducting polyner^^ (i.i) 
decreases the conductivity of said conducting. 
polY»er in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said 
conducting, polymer , in said regions bf exposed . 

conducting polymer; and 
20 (d) removing said blocking material to obtain a second 

. patterned surface dontaining an exposed patteim of 
. conducting polymer. 
2. The process of Claim 1, wherein said substrate is 
selected from the group consisting of glass, quartz, silica, 
25 silicon, silicon nitride, alumina, aluminum nitride, titania. 
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titanium nitride, diamond, waxei3r polyesters^ 
^blyvinylacetate, polyoleflns> polyeth^rs, 
polyyihylmethylether, polyviriylbutylether, polyamides, 
poly aery l^nide, pblyimides/ polycarbonates, polysulfones, 
polyXetoiieSr fluoropolymers, aroiatic hydrocarbon polyners, 
aery late and acrylic acid polymersy phenolic polyners, 
poiyvinylalebhol, poiy amines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylehloride, pblyehlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof. , 

3. The process of Claim 1/ wherein said conducting 
polymer is selected from the group consisting of ^cis and. trans 

. polyacetylenes, polydiacetylenes, poly par aphenyleiies, 
polypyrroles / polythiophenesTTTJoiybith^iophenes, 
polyisothianaphthehe, polyphenyieneviny lenes , 
polythienylvinylenes, polyphenyienesulf ide, and poly aniline. 

4. The process of Claim 1, wherein said conducting 
polymer is polypyrrole. 

5* The process of Claim 1, wherein said conducting 
polymer is polyaniline. 

6 . The process of Claim l , wherein said agent is 
selected from the group consisting of ion milling, plasma . 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^.^NH.^ 
OH- (where R is C,.^-alkyl) , HCl, HNO,, HCIO^, and H^SO,. 

7. The process of Claim 1, wherein said agent is a 
hypochlorite salt. 
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• 8, The process ofr claim 1> wherein said' agent is 
tetramethylamDonium hydroxide. 

9* A patterned conducting polymer surf ace prepared by a 
-process comprising: ^ /'-./ . 

^- ' ( a) forming a surface of a conducting polymer on a. 

.Surface of a substrate; 
(by forming a surf ace of a blocking material bn.said 

surface of said conducting polymfer in a patternwise. - 
^ 'fashion, to obtain a first patterned surface 
■ v; ; containing .regions of exposed conducting polymer and 

: . regions of -blockiiig material; 
(c) treating said first patterned surface with ah agent 
which: (i) removes said conducting polymer from said 
. regions of exposed conducting polymer; (ii) 
5 decreases the conductivity of said conducting 

pblyi&er in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said 
conducting polymer in said regions of exposed, 
conducting polymer; and 
2Q . (d) removing said blocking materiel to obtain a second 
. patterned surface containing an exposed pattern of , 

conducting polymer'. 
10. The patterned surface of Claim 9, wherein said 
substrate is selected from the group consisting of glass, 
25 quartz, silica, silicon, silicon nitride, alumina, aluminum 
nitride, titania, titanium nitride, diamond, waxes. 
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polyesters, polyVinylacetate, polyolefins, polyethers, 
polyvinylnethylether, polyvinylbutylether , polyamides^ 
polyacry laaide; WlyiTgi^gsT-potycarbonates , pe^lysulf ones, 
polyketones, fluoropolyners, aromatic hydrocarbon polymers, 
acrylate and acrylic acid polymeijs, phenolic polymers, 
polyvlriylaicohol, polyamines, polypeptides, siloxane polymers,, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof . - 

11. The patterned surface of Claim 9, wherein said 
conducting polymer is selected from the group consisting of 
cis and trans polyacetylenes, polydiacetylenes, 
polyparaphenylenes, polypyrroles, polythiophenes, 

rbithirophenesr-^tyisothianaphthene., 

polypheny lenevinylenes , polythienylviny lenes , 
polyphenylenesulfide, and polyaniline. 

12. The. patterned surface of Claim 9, wherein said 
conducting polymer is polypyrrole. 

13. The patterned surface of Claim 9, wherein said 
conducting polymer is polyaniline. 

14. The patterned surface of claim 9, wherein said agent 
is selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R,.«NH.- 
OH- (where R is C».,-alkyl) , HCl, HNO„ HCIO,, and H,SO,. 

15. The patterned surface of Claim 9, wherein said agent 
is a hypochlorite salt. 
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'^ Wxe-ii . The patt^ vheriefih said/ageht 

• -tetraiaethyia " . . ■ . ' . 

-y] :''''['''i:T» ! device'^ eoinprising'a V. ' 

patteriiedVc^ sur f ac^V ? saidx pat-terne . -z'^:-^^^^ 

S ' V conductiVig: jloiyaer stirf ace' prBjp^xe^'^i>Y a process poBprisixig: '•' ; ■ 
(a), fprming "Surface of a^.cpn^ pplymer on.: a ' 

surface of a substrdite; 

• \' • . . . . • . . 

. : *(b) forming a ;siirf ace' of a^ bibdking material' on said 

surf ace of *said conducting: polymer in a pattjernwisev . 
10' fashion, to obtain a. firs^ surface; ^ 

containing regions of expos and 
. regions of blocking ^material;- 
. (c) treating said first patterned surface with sin agen€ 
. which: ( x) removes : ^aid cdn^ from said 

15 regions of exposed conducting polymer ; , .(ii) 

decreases the conductivity of said cpnductiiigf' 
' polymer ih^ said regions of exposed cbnductihg ' 
polymer; or: (ill) increase's the conductivity of said 
conducting polymer in S9 id regions of- exposed 
20 conducting polymer; and 

(d) removing said blocking material to obtain a second 
" patterned surf ace containing an exposed pattern of 
conducting pbiymer.: 
18. The device of Claim 17; wherein said substrate isf 
25 selected from the group consisting of glass,, quartz, silica, 
silicon, silicon nitride,, alumina, aluminum nitride, titania. 



titanium nitride, diamond, waxes, polyesters,, 
polyvinylacetate, polyolefins; polyethers, 
pblyviny Imethylether , polyviny Ibutylether ,-polyamides , 
polyacrylamide, polyimides, polycarbonates, polysulfoiies, 
polyketones,. fluoropolymers, ar<^matic hydrocarbon polymers,, 
aery late and acrylic acid polymers, phenolic polymers, 
polyvinylalcohol, polyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene,. 
polyvinyliautyral, copolymers thereof, arid mixtures thereof . 

19. The device of Claim 17, wherein said conducting 
polymer is selected from the group consisting of cis and trans 
polyacetylenes, polydiacetylenes, polyparapheny lenes , 
polypyrroies , ^ polythiophenes^--4>ol y bi t h Loph.en.es , 
polyipothiahaphthene, polypheny lenevinylenes, 
polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

20. The device of Claim 17, wherein said conducting 
polymer is polypyrrole. 

21. The device of Claim 17, wherein said conducting 
polymer is polyaniline. 

22. The device of Claim 17, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^.^ffO^' 
OH- (where R is C^.^-alkyl) , HCl, HNO„ HCIO^, and H,SO,. 

23. The device of Claim 17, wherein said agent is a 
hypochlorite salt. 
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; ? 24; -The device of Claim 17, wherein said agent is . 
tetrameth^laBra - ; 

. . . 25." .Tli^ device of Glaiin 17; which is -a liquid crystal . 
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